Objective The aim of this study was to explore the prospective relation between job stress and symptoms of depression within a cohort study.
There is general agreement about the multifactorial etiology of mental health disorders. Affective disorders are believed to be psychosocial in nature, with a complex interweaving of both social and psychological characteristics (1) . During the last decennia, more and more attention has been given to the role of the work environment in determining people's mental health condition. According to the Third European Survey on Working Conditions conducted in 2000, most European workers believe that their work affects their health (2) . Psychological distress represents a substantial part of these work-related health problems (2) .
The most influential and widely used model in occupational health research is the demand-control-support model developed by Karasek in the 1970s (3) (4) (5) . According to this model, adverse health effects are expected when workers are exposed to high psychological demands in combination with low decision latitude or job control, which is labeled "high job strain". The "isostrain" hypothesis states that people with high strain and low social support at work, labeled "isolated strain", are the most vulnerable to negative health effects.
In general, results on job strain and psychological well-being are not consistent across studies (6) . Support
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for an association is mainly found in cross-sectional studies, while longitudinal studies are rather scarce and provide less support. In several cross-sectional studies, adverse work conditions have been found to be related to poor mental health outcomes (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . These studies, however, cannot give an indication regarding the causal nature of the relation.
As far as longitudinal studies are concerned, prospective associations between job stressors and adverse mental health conditions were found in some studies with rather small sample sizes (22) (23) (24) (25) (26) and in a few large-scale studies (27, 28) , while negative results were reported in one study (29) . Within the Whitehall II study comprising more than 7000 participants, work characteristics predicted several mental health outcomes (30) (31) (32) (33) . A meta-analysis of 11 longitudinal studies provided evidence that the psychosocial work environment is a prospective risk factor for common mental disorders (34) . Results in prospective studies are usually based on a single assessment of job stressors. Only a few studies examined multiple measurements of job stressors and found cumulative exposure of job stressors to be an important predictor of mental health indicators (35) (36) (37) .
Within the first phase of our Belstress study (Belgian job stress study), including more than 21 000 middleaged workers, several aspects of psychological well-being were cross-sectionally associated with job stress according to the demand-control-support model (38, 39) . In the longitudinal part of the Belstress study, we wanted to explore the prospective relation between job stress and depression symptoms within a cohort study. The first objective was to describe prospectively the impact of job stress according to the demand-control-support model on the development of depression symptoms. The second objective was to relate repeated exposure to job strain with depression symptoms. We hypothesized that the impact of job strain on depression symptoms is even more harmful when there is consistent exposure measurement.
Study population and methods

Study population
The association between job stress and depression symptoms was assessed using data from the Belstress study, an epidemiologic cohort study about job stress, cardiovascular and other health issues, and sick leave (40, 41) . Altogether 2821 workers from nine companies or public administrations were involved in the longitudinal part of the study. All of the workers aged 35-59 years within the companies were invited to participate. Data were gathered at baseline between 1995 and 1998 (time 1) and a second time in 2002-2003 (time 2) after a mean follow-up time of 6.6 (SD 1.13, range 4) years. A participation rate of 67.2% was reached during the second phase. The population contained 1950 men and 871 women aged 35-59 years at the beginning of the study. These workers were employed within two public administrations (55% of the sample), six private companies (34%), and one bank (11%). The sample included 500 executives (18%), 1291 white-collar workers (46%), and 997 blue-collar workers (36%). The baseline characteristics of the study population are presented in table 1.
The Belstress study was approved by the ethics committees of the University Hospital of Ghent and the Faculty of Medicine of the Free University of Brussels.
Data collection
At both time 1 and time 2, the participants completed a self-administered questionnaire. Job stress was assessed using the standardized Job Content Questionnaire, based on Karasek's demand-control-support model (42) . Psychological job demands were composed of the sum score (range 5-20) of five items that related to mental work load, organization constraints on task completion, and conflicting demands (eg, "My job requires working very hard" and "I have enough time to get the job done"). Job control or decision latitude was composed of the sum score (range 9-36) of two subscales: "skill discretion" or the level of skill and creativity required on the job (sum score of six items, eg, "My job requires a high skill level" and "My job requires that I learn new things") and "decision authority" or the possibilities for workers to make decisions about their work (sum score of three items, eg, "My job allows me to make a lot of decisions ) and "co-worker support" (sum score of four items, eg, "People I work with take a personal interest in me" and "People I work with are friendly"). All of the questionnaire items had four response categories (1-4, with 1 "fully disagree" and 4 "fully agree"). The Job Content Questionnaire has proved to be a valid and reliable tool with which to measure job stressors (4); its validity and reliability were also confirmed within the first Belstress study (43) . Dichotomous variables (low versus high) were created for demands, control, and support on the basis of the median values (12 for demands, 27 for control, and 23 for support). High job strain referred to the combination of high job demands and low decision latitude. Isostrain or isolated strain was defined as high job strain combined with low social support. These categories were compared with all of the other possible combinations in order to test the (iso-)strain hypothesis of the model. The Center for Epidemiological Studies-Depression Scale is a standardized tool for measuring symptoms of depression (44) . In this study, we used the shorter Iowa form with 11 items, whose reliability and validity has been shown (45, 46) . Example items are "I felt depressed during the last two weeks" and "I felt lonely during the last two weeks". The items had three response categories (1-3, with 1 "rarely or never", 2 "sometimes", and 3 "most of the time"). Symptoms of depression were calculated as the sum score of the 11 items (range . In the original 20-item Center for Epidemiological Studies-Depression Scale, a cut point of 16 is commonly used to indicate a high level of depression symptoms; this cut-point corresponds to the 80th percentile of scores attained in community samples (45, 46) . Therefore, we chose to consider those with scores of 19 or higher as reporting high levels of depression symptoms, corresponding to the 80th percentile in our sample.
Information was gathered on possible confounding variables. To begin with, we wanted to take some essential sociodemographic factors into account; the baseline questionnaire provided data concerning age (35-44 years or 45-59 years) and educational level (low, medium, or high). In addition, we included social network (low or high) and satisfaction with private life (low or high) in the analyses because several studies have shown the importance of private life factors next to work characteristics in relation to mental health (33, 47) . Finally, the personality factor locus of control has also been found to be associated with psychological well-being, and it was controlled in our analyses (48, 49) . Two items ("I can do little to change important things in my life" and the reversed item "What happens in the future depends largely on myself") with four response categories (1-4, with 1 "fully disagree" and 4 "fully agree") were included to measure locus of control (sum score, range 2-8). The respondents with scores of six or higher were considered to have an external locus of control. These are people who believe they have no or little power to change things in their lives or to determine what will happen in the future. Low education was defined as primary school level only; high education as high school or university. The strength of social networks referred to a score based on three items regarding the number and nature of contacts with friends and family (50) . A high or strong social network was attributed when the participants had regular contacts (at least once a month) with at least five close friends or family members. One question was added that asked about general satisfaction with private life ("How satisfied are you with your private life?"). Low satisfaction referred to being (very) dissatisfied as opposed to neutral or (very) satisfied.
Statistical analyses
Job stress at baseline was related to depression symptoms after a mean follow-up time of 6.6 years. For these prospective analyses, the participants with high depression symptoms at baseline were excluded. We excluded cases with high levels of depression symptoms (scores of 19 or higher) and cases with a missing value for this variable at baseline, resulting in a population of 2139 participants.
Chi-square tests were performed to explore whether job stress and the possible confounding variables at baseline were univariately associated with depression symptoms at time 2. The independent impact of job stress on depression symptoms was assessed in a multivariate logistic regression analysis. All of the variables were entered in a single step. Adjustments were made for age, educational level, social network, satisfaction with private life, and locus of control, regardless of the results of their univariate associations with the outcome variable (51) . [This was done to avoid incorrect rejection of potentially important variables.] We also controlled for the time-1 score of depression symptoms. The interaction effects were assessed between job demands and job control and between job strain and social support in relation to depression symptoms.
Repeated high job strain and repeated isolated strain were related to depression symptoms at time 2 through a logistic regression analysis. The following four groups were created: (i) those with high job strain or isolated strain at both observation times, (ii) those not exposed to high job strain or isolated strain at either observation,
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(iii) those with high job strain or isolated strain only at time 1, and (iv) those with high job strain or isolated strain only at time 2.
Analyses were performed separately for the men and women because associations between work factors and psychological well-being have generally shown to be unequal for the genders (6, 34) . All of the analyses were conducted using SPSS 12.0 software (SPSS Inc, Chicago, IL, USA). Within the sample of 2139 workers free of high levels of depression symptoms at baseline, 252 cases (11.8%) with high levels of depression symptoms were identified at time 2. This proportion of newly developed depression symptoms was significantly higher for the women than for the men: 113 of 571 women (19.8 %) and 139 of 1568 men (8.9 %) (P<0.001). Several job stress and confounding variables were associated at baseline with time-2 depression symptoms (table 2). The men and women in the groups with high job strain and isolated strain developed significantly more depression symptoms at time 2 than the others. Depression symptoms were significantly associated with low decision latitude among the women and with high job demands and low social support among the men. Significant associations were also found with low satisfaction with private life, small social network, and external locus of control among the men.
Results
Sample characteristics
The independent impact of job stress on depression symptoms was assessed in a multivariate logistic regression analysis (table 3) . Among the women, high levels of time-2 depression symptoms were significantly associated with time-1 low decision latitude. High job strain increased the risk for depression symptoms; this association was significant for the women and borderline significant for the men (P=0.06). Among the women, the risk was more than doubled by isolated strain. None of the interaction terms between demands and control and between strain and support in relation to depression symptoms were significant.
The results for repeated high job strain and repeated isolated strain in relation to time 2 depression symptoms are shown in table 4. The men and women with repeated high job strain had the highest incidence of depression symptoms when they were compared with those not in the high-strain group at either time 1 or time 2. Those with unstable measurements showed intermediate levels of risk. The same pattern was found for repeated isolated strain among the men, but not among the women.
Discussion
The aim of this cohort study was to explore the prospective relation between job stress and depression symptoms. Within a population of 2139 middle-aged workers free of high levels of depression symptoms at baseline, job stress increased the risk of developing high levels of depression symptoms after a mean follow-up time of 6.6 years. Significant independent associations were found for low decision latitude, high job strain, and isolated strain among the women. For the men, the association with high job strain was borderline significant. This finding generally confirms results from longitudinal studies in which work factors were causally related to well-being (52) . Our results are in line with findings from a few large-scale prospective studies, the Whitehall II and the Gazel study, in which job stressors, according to the demand-control-support model, were related to mental health (28, (30) (31) (32) . The main hypotheses of the demand-control-support model were confirmed for the women; high job strain and isolated strain increased the risk of developing depression symptoms. None of the interaction terms for demands by control and for strain by support in relation to depression symptoms were statistically significant; this finding is in line with the results of a large number of studies (6-11, 13, 14,  16, 20, 28, 29, 32, 38, 39, 52) . A recent meta-analysis of 11 prospective studies on common mental disorders provided consistent robust evidence for causal effects for high job strain, while demands, control, and support were associated with moderate risk (34) . Our findings are in line with these results, although a significant independent association was also found for low decision latitude among women.
Prospective studies in research dealing with stress and health usually base their results on a single assessment of job stress. However, measuring job characteristics at only one point in time increases the risk of misclassification due to inaccuracy in assessment (53) . Only a few studies have examined multiple measurements of job stressors in relation to mental health. In a 2-year study including 1378 nurses, cumulative exposure to job strain was associated with the highest level of psychological distress (35) . SMASH, a four-phase prospective cohort study with observations concerning 1477 employees, concluded that workers in the stable highstrain group reported the highest level of depression (36) . The Somstress study, which used a repeated measure to assess 1986 workers at a 1-year interval, found that employees with repeated effort-reward imbalance were at the highest risk of developing poor mental health (37) . Our results with repeated measures in a long-term perspective confirm that men and women with repeated high job strain and men with repeated isolated strain have the highest incidence of depression symptoms. Because of the small number of observations, it is difficult to draw conclusions about repeated isolated strain and depression symptoms among women; only three women from the group with repeated isolated strain reported high levels of depression symptoms. The impact of high job strain on depression symptoms was considerably larger when the exposure was repeated than when only baseline exposure was taken into account. Thus, on the basis of these results, we highly recommend the use of multiple measurements of job stressors. Multiple measurements result in a more reliable assessment and may help to avoid large underestimations of true associations. A similar conclusion was drawn regarding single versus consistent exposure measures of job strain in relation to coronary heart disease in the Whitehall II study (54) . Unfortunately, no information on possible changes in job stress during the time lag between the two measurements was available in this study. First, there is Clays et al the possibility of changes in job stress due to objective changes in job title. Additional analysis (data not shown, but available from the first author) after the exclusion of the participants whose job title changed between time 1 and time 2 engendered very similar results. On the other hand, psychosocial work characteristics may have altered within the same job title. As a result, our findings regarding the impact of repeated job strain may have been underestimated. In addition, some of the confounding variables may also have changed between the two measurements.
Both job stress and depression symptoms were assessed by means of self-report measures. It is commonly assumed that relationships between variables measured with the same method, usually self-reports, are inflated due to common method variance. However, Spector (55) recently suggested that the automatic criticism of selfreports, along with the postulation that method alone is sufficient to produce biases, has become an urban legend. Based on empirical evidence, features such as social desirability should not be considered general or automatic sources of common method variance when self-reports are used. Furthermore, subjectivity bias in self-report measures was reduced by the use of validated and standardized scales for the assessment of job stress (4) and mental health (45, 46) in this study.
A fundamental strength of our study was its prospective design, which considerably increased the probability of a causal relation between job stress and depression symptoms. By excluding the participants with high levels of depression symptoms at baseline, and furthermore adjusting for the time-1 score for depression symptoms, an appropriate prospective design was assured. It should be noted, however, that we cannot exclude the possibility that some of the employees with low or intermediate levels of depression symptoms at baseline may have had higher scores in the past, and such a past may have influenced their perception of job stress at time 1.
Another methodological issue is the proper adjustment for confounding variables. The relationships in our study were controlled for the essential individual and sociodemographic factors of age and educational level. Some studies have emphasized the importance of integrating factors from the private family sphere in addition to work characteristics (33, 47) . Social network and satisfaction with private life were included in our analyses. It has been suggested that personality factors such as negative affectivity or neuroticism may confound the association between work stressors and mental health (56) . Unfortunately, this kind of information was not available in our study. However, when these variables were controlled in prospective studies, occupational stressors generally remained as independent predictors of mental health indicators (32, 56) . Locus of control has also been found to be associated with psychological well-being and with the relation between stressors and mental health (48, 49) . This variable was controlled in our analysis.
A notable limitation is the presence of a selection bias in our population. Only the workers who were involved in both time 1 and time 2 measurements were included. Within the nine participating companies, 8783 employees participated in the first round of data collection. At time 2, more than half of the original sample was no longer eligible due to regular or premature retirement, resignation, dismissal, or death. Some companies had undergone major reorganization with subsequent discharges, as a result of which the population of possible participants had been reduced considerably. This process resulted in a healthy-worker effect; the "dropout" population perceived significantly less decision latitude and included more workers with high strain at baseline. Consequently, it is possible that the impact of job stress on mental health in this study was underestimated. In terms of baseline depression symptoms, there was no difference between the "dropout" population and the others. Within the sample of eligible workers, an acceptable participation rate of 67.2% was reached.
In conclusion, the results of this study confirm that job stress is an independent risk factor for depression symptoms. Stronger associations were found for women. Repeated high job strain was associated with more elevated risk of developing high levels of depression symptoms among both women and men. The role of work and employment in affecting mental health is still not fully understood or properly managed in relation to the protection and promotion of good mental health in Europe (57) . There is need for increased interest and research in the area of occupational mental health. The main strengths of this study were its prospective design enabling the proper control of the depression outcome at baseline and the assessment of the impact of not only baseline, but also repeated job strain.
